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1
EAR MUFFLER

TECHNICAL FIELD

This application 1s generally directed to the field of noise
reducing devices and more specifically to a passive semi-
insert noise reducing device configured for insertion nto the
outer ear of a subject.

BACKGROUND

Conventional prior art devices that are configured to pro-
tect or defend the ear against excessive noise can be divided
into three (3) major classes; namely, ear plugs, ear muils and
semi-inserts. There are a number of differences between each
of these device classes. More specifically, ear plugs are
inserted ito the ear canal while ear muils cover the entire
outer ear and are held 1n place by appropniate support means,
such as a head band. Semi-inserts are held against the
entrance of the ear canal by means similar to those used for
car muils. Each class of device also has 1ts own advantages
and disadvantages.

In this regard, ear plugs can provide substantial noise
reduction (attenuation) distributed reasonably evenly over the
audible frequency range of sound. In addition, these devices
are small and mexpensive. However, ear plugs may cause
discomiort due to their required positioning in the ear canal.
These devices may also cause hygiene problems resulting
from cerumen (ear wax) and the possibility of introducing
harmiul substances into the sensitive ear canal that may pro-
duce 1rritation as well as infection of the ear canal walls.
Further, there 1s the added problem of fitting ear plugs to
individual ear canals, which vary 1n size and shape over a
tairly wide range.

Ear muils may provide the highest noise attenuation at
sound frequencies exceeding 1000 Hz, but these latter devices
are generally inferior to ear plugs at lower frequencies.
Although these frequencies appear to be less damaging for
the ear, they produce relatively strong masking of usetul
signals, such as speech, and can have a fatiguing efifect.
Because of their size, conventional ear mutis are cumbersome
and can become uncomfortable when worn for prolonged
periods of time. That 1s, these devices further exert pressure
on the sides of the head when worn and additionally can
produce a bothersome warming effect to the wearer. Addi-
tionally, ear muils are significantly more expensive than
cither ear plugs or semi-insert devices.

Semi-inserts reduce the problems of individual fit and
hygiene found 1n ear plugs and are less cumbersome and less
expensive than ear mulls. Several prior art versions of these
devices however have provided less noise attenuation. In an
elfort to improve the effectiveness of semi-insert devices 1n
terms of noise (attenuation) reduction, Applicants have pre-
viously developed a passive semi-insert ear defending device,
as described 1n U.S. Pat. No. 5,824,967, and referred to herein
as an “ear muiller”.

As shown 1n FIG. 1 and described 1n the *967 patent, an
exemplary ear mutiler 10 comprises a cylindrical hollow muti-
fler tube 12 closed at one end using a cap 14 and connected to
the ear canal (not shown) through an extension 16 and con-
necting tube 18 of a reduced diameter that enables an
adequate fit with the outer ear. The end of the connecting tube
18 defines an opening 28 to provide communication with the
car canal. A tight fit of the connecting tube 18 with the ear
canal 1s achieved by means of a soit foam sealing cuil 20,
which 1s fastened to the connecting tube 18. The muiller tube
12 1s filled with a sound absorbing material 22 such as cotton,
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telt or nylon fibers, and 1s held 1n place on the head of the
wearer (not shown) by means of a springy headband 24, the

headband 24 being adjustably mounted on the tube 12 with
the help of a holder 26, the latter being firmly attached to the
muiller tube 12. To achieve a tight seal around the ear canal
entrance, the springy headband 24 1s made to gently press the
connecting tube 18 against the ear, so as to provide a com-
pressive force for the connecting tube 18 and more specifi-
cally the soft sealing cuil 20 protruding beyond the connect-
ing tube 18. Only one half of the ear muiiler 10 1s shown 1n
detail in FIG. 1, with the remaining half being a mirror image
and also having a muiller tube, extension and connecting
tube, each configured to be disposed symmetrically on the
other side of the head of the wearer.

In terms of the operation of the device 10, the noise reduc-
tion (sound attenuation) that 1s achieved can be described by
the relation P_/P_=A =(Z _+7.)/7_, in which P, 1s the sound
pressure at the entrance of the ear canal, P_ 1s the sound
pressure 1n ambient air, A _ 1s the sound attenuation, 7, 1s the
acoustic impedance at the entrance of the ear canal and 7. 1S
the acoustic impedance of the seal provided by the semi-insert
through which sound must penetrate into the ear canal. If Z _1s
much larger than 7 _, as 1t should be 1n effective devices, the
above formula can be approximated by A =7 /7 _ showing
that the sound (noise) attenuation 1s directly proportional to
the acoustic impedance at the entrance of the ear canal. Using
a muiller tube, such as that described according to FI1G. 1, the
noise attenuation is increased by placing a small acoustic
impedance 7., in parallel with the impedance of the ear canal
7. When 7Z_ 1s sulliciently small, the sound attenuation
approaches A_ =7 /7. andthe improvement in sound attenu-
ation becomes A_/A =(7._/7. ). Inthe limit, the improvement
in sound attenuation is proportional to the ratio between the
car canal and the shunting impedances.

The muitler tube 12 together with 1ts hollow extension 16
measures about 13 cm 1n length and provides a quarter wave
resonance around 650 Hz, which further increases the ambi-
ent noise reduction in the broad vicinity of this frequency.
Additional details relating to this sound defending device are
provided in the 967 patent, referenced above, the entire con-
tents of which are herein incorporated by reference.

Though the passive semi-insert device described by the
067 patent 1s a significant improvement over other previ-
ously known semi insert devices, 1t has been later determined
that further improvements can be made. For example, the soft
sealing cull extends significantly outward from the end of the
connecting tube and 1s prone to vibrations and also can create
a potential source of noise leakage. In addition, there are
additional features that can be added to further tune or suit-
ably adjust damping characteristics of the device.

BRIEF DESCRIPTION

Therefore and according to one aspect, there 1s herein
described a passive semi-insert device configured for inser-
tion 1nto the ear of a subject and reducing the effect of ambient
noise. The device comprises at least one mufiller tube having
a closed end and an opposing open end, 1n which the at least
one mulililer tube 1s configured to be secured to the head of a
subject. The at least one muiller tube comprises an elongate
hollow tubular section including the closed end, and a hollow
tube extension and a connecting tube at the open end, each
substantially transverse to the tubular section, the connecting,
tube being configured for placement 1n the outer ear of the
subject and wherein the at least one muiftler tube 1s defined by
a length that provides quarter wave resonance in low audible
sound frequencies. A sealing member 1s disposed onto an
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exterior surface of the connecting tube such that a distal end
surface of the sealing member 1s substantially flush with the
open end of the muiller tube.

The sealing member 1s preferably made from a visco-
clastic material and 1s configured to provide a seal with the
outer ear ol the wearer. As noted, the sealing member is
attached to the exterior of the connecting tube. According to
one version, the connecting tube can include at least one
annular exterior feature, such as a retaining ring, onto which
the sealing member can be attached. In another version, a
distal portion of the connecting tube can be shaped, such as by
tapering, to insure an interierence fit with the sealing member.

According to at least one version, the at least one mufitler
tube 1s provided with at least one damping feature that 1s
suitably configured for broadening and reducing acoustic
resonance of the passive semi-insert device.

In at least one embodiment, the damping feature can
include a quantity of sound-absorbing material disposed 1n at
least one axial portion of the muiller tube. This sound-absorb-
ing material, which can include cotton, nylon or other syn-
thetic fibers 1s wholly disposed within the volume of the
muliller tube over the axial portion(s) thereof.

In another embodiment, the damping feature comprises at
least one thin rigid plate having a single slit formed therein,
the plate being transversely disposed 1n relation to the pri-
mary axis of the tube. The at least one rigid plate 1s defined by
an outer diameter that 1s sized to engage an inner diameter of
the muttler tube. In at least one embodiment more than one
rigid slitted plate can be disposed within the mulilfler tube,
thereby creating adjacent chambers, each plate acting as an
acoustic resistor. According to yet another version, the at least
one damping feature comprises at least one wire bundle that 1s
disposed within at least an axial portion of the mutitler tube.
The wires in the bundle extend 1n a direction that 1s parallel to
the axis of the tubular portion in which the outer diameter of
the wire bundle 1s sized to engage the inner diameter of the
tubular portion so as to substantially fill the interior of the
muliller tube. The relative spacing between wires, as well as
the individual wire diameters in the bundle, can be appropri-
ately sized 1n order to control the degree of damping.

In another version, the noise reducing device can include
an earphone and/or a microphone, for example, enabling
attachment to a smartphone, a tablet computer, an Mp3 player
or other electronic device. According to one embodiment, the
carphone or microphone can extend outwardly from the
closed end of the mufller tube. In another version, the ear-
phone or microphone can be separately attached to the device.

In at least one version, the noise reducing device can be
designed such that the hollow tube extension and connecting
tube are built as a single component, along with the tubular
section of the muliller tube.

In one version, the hollow tube extension and connecting,
tube can be defined by a substantially circular cross section.
In another version, the tube extension and connecting tube
can be defined by a substantially oval cross section.

According to another aspect, there 1s provided amethod for
manufacturing a passive semi-insert noise reducing device.
The method comprises providing at least one mulitler tube
defined by a closed end and an opposing open end, the at least
one muliller tube turther comprising an elongate hollow tubu-
lar section, a transverse hollow tube extension and a connect-
ing tube, the latter being adapted to be fitted within the ear of
a subject. A sealing member 1s provided over the connecting
tube such that a distal end surface of the sealing member 1s
substantially flush with the open end of the muliller tube.

According to at least one version, at least one damping
feature comprises a quantity of sound absorbing material
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disposed within at least and axial portion of the muiller tube.
In another version, a damping feature comprises at least one

thin rigid plate transversely disposed within the muiller tube,
the at least one rigid plate having an outer diameter sized to
engage an inner diameter of the tubular section and having a
single slit to act as an acoustic resistor. According to at least
one embodiment, at least two thin rigid plates can be trans-
versely disposed 1n separate axial sections of the muitler tube.

In another version, the at least one damping feature com-
prises at least one tightly packed bundle of wires disposed
within at least an axial portion of the muitler tube, said at least
tightly packed bundle having an outer diameter that 1s sized to
engage an inner diameter of the muiller tube, the at least one
wire bundle being disposed i a direction substantially
coaxial with a major dimension of the muitler tube. In at least
one embodiment, the method further comprises disposing at
least two tightly packed wire bundles in separate axial sec-
tions of the muifler tube.

According to at least one version, the method further com-
prises attaching the sealing member onto at least one retain-
ing ring on an exterior surface of the connecting tube. A
portion of the hollow tube extension, including the connect-
ing tube, can be defined by a substantially oval cross section.
At least a portion of the connecting tube can include a tapered
or otherwise shaped surface to provide an interference fit with
the sealing member for retaining same. Preferably, the sealing
member 1s at least partially made from a visco-elastic mate-
rial.

One advantage provided by the herein described passive
semi-mnsert device and method 1s improved noise attenuation
over previously known ear defending devices, including pre-
viously known muffler tubes.

Yet another advantage realized 1s that comifort 1s surpris-
ingly increased by having the sealing member with 1ts end
surface substantially flush with the end of the connecting tube
of the herein described noise reducing device.

Still another advantage 1s that the herein described noise
reducing device can be easily manufactured and is cost effi-
cient 1n terms of labor and atfordability to the user.

These and other features and advantages will be readily
apparent from the following Detailed Description, which
should be read 1n conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front partially sectioned view of a passive ear
noise reducing device made in accordance with the prior art;

FIG. 2 15 a perspective view of a passive semi-insert noise
reducing device 1n accordance with a first exemplary embodi-
ment;

FIG. 3 1s afront facing view of the passive semi-insert noise
reducing device of FIG. 2;

FIG. 4(a) 1s a front facing view of the passive semi-insert
noise reducing device of FIG. 2 1in a partially assembled
configuration;

FIG. 4(5) 1s an enlarged view of a portion of the semi-insert
noise reducing device of FIG. 4(a) and more specifically the
hollow tube extension thereof;

FIG. 5 1s an enlarged view of an alternative hollow tube
extension for the semi-insert noise reducing device and 1n
accordance with yet another exemplary embodiment;

FIG. 6 1s a front facing view of a passive semi-insert noise
reducing device in accordance with yet another exemplary
embodiment;

FIG. 7 1s a partial sectioned view of a portion of a passive
semi-msert noise reducing device taken through lines 7-7 of
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FIG. 6 1n accordance with still another exemplary embodi-
ment and relating to a damping feature;

FIG. 8 1s a sectioned view of a portion of a passive semi-
insert noise reducing device taken through lines 8-8 of F1G. 6
and relating to an alternative damping feature; and

FIG. 9 15 a perspective view of a passive semi-1nsert noise
reducing device made 1n accordance with yet another exem-
plary embodiment.

DETAILED DESCRIPTION

The following description relates to a number of exemplary
embodiments of a passive semi-insert noise reducing device
configured to be worn on the head of a user. Throughout this
discussion, several terms are used in order to provide a suit-
able frame of reference 1n regard to the accompanying draw-
ings. These terms such as “top”, “bottom”, “distal”, “proxi-
mal”, “over”, “under”, “interior”, exterior’ and the like
should not be 111terpreted in a manner that reduces the eflec-
tive scope of the herein described device and method for use
and manufacture. In addition, the drawings are merely
intended to convey the salient features of the device and
related method and are not necessarily drawn to scale. To that
end, the reader should not overly rely upon any scaling or
dimensions that are presented in the drawings.

Referring to FIGS. 2 and 3, there 1s shown perspective and
front facing views, respectively, of a passive semi-insert noise
reducing device 100 made 1n accordance with a first exem-
plary embodiment. The passive semi-insert device 100
includes a pair of muilfler tubes 104, 108 that are intercon-
nected by means of a springy elastic band 112 that 1s config-
ured to engage the head of the wearer, the elasticity of the
band 112 being suificient to provide a retaining force that
must be overcome 1n order to remove the device 100. In at
least one version, the elastic band 112 1s preferably adjustable
to accommodate the head of the wearer. As shown herein, the
muliller tubes 104, 108 are each defined by a shape that sub-
stantially conforms with the head of a wearer (not shown).
According to this embodiment, each muitler tube 104, 108 1s
manufactured from a lightweight durable plastic material,
such as ABS (acrylonitrile butadiene styrene), and further
defined by a closed end 114. Alternatively, each muttler tube
104, 108 including the closed end 114 could include a sepa-
rate cap or other closure means (not shown). Each muiller
tube 104, 108 further 1s defined by an open end 117 as well as
a hollow imterior. More specifically, each muifler tube 104,
108 1includes an elongate tubular portion 122 and a transverse
hollow tube extension 126, the latter extending to a connect-
ing tube 130, FIG. 4, having a smaller diameter than that of
the hollow tube extension 126 which terminates at the open
end 117. As noted, the mufiller tubes according to this exem-
plary embodiment are shaped to more closely conform with
the head of a wearer. More specifically, the upper end of each
tubular portion 122 1s angled inwardly relative to the remain-
der of the portion. The connecting tube 130, FIG. 5, 15 sized to
be fitted within the outer ear of the wearer along with a sealing
member 138 that overlays the exterior of the connecting tube
130. Preferably, the sealing member 138 1s made from a
visco-elastic material 1n order to provide a comiortable inter-
face between the device 100 and the wearer and also to
provide a suitable seal with the ear canal.

The sealing member 138 according to this specific embodi-
ment 1s defined by a circular hollow cross section 1n which a
distal end surface 139 of the sealing member 138 1s substan-
tially tlush with the open end 117 of the muiller tube 104
when attached; that is, the distal end surface 139 of the sealing,
member 138 1s coplanar with a distal end of the connecting,
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tube 130. It has been surprisingly determined that the addi-
tional overhanging length found in prior sealing cuils for
muliller tubes provides an additional source of protection loss.
It has further been found that the foregoing design 1s more
surprisingly more comiortable than prior designs having seal-
ing cuils that protrude outwardly (axially) from the end of the
connecting tube.

Referring to FIGS. 4(a) and 4(b), the herein described
noise reducing device 100 1s shown 1n a partially assembled
mode with the sealing member 138 removed from the con-
necting tube 130. In this version, the connecting tube 130 1s
formed with a tapered configuration in which the outer diam-
cter of the connecting tube 130 1s largest at its distal end and
in which the sealing member 138 can be pulled onto the
connecting tube 130 to effectively retain same using an inter-
terence fit. An alternative construction 1s depicted in FIG. 51n
which the connecting tube 130A 1ncludes an exterior retain-
ing ring 146 having at least one circumierential ndge 151
onto which the sealing member 138 can be attached. Still
turther, the sealing member 138 could be secured to the
connecting tube 130 using other suitable attachment means.

The hollow tube extension 126, including the connecting,
tube 130, 103 A according to these exemplary embodiments
has a substantially circular cross section. However, the tube
extension 126 can alternatively have an oval or other suitable
cross-section without sacrificing overall functionality.

As previously discussed, the theory of operation of the
herein described device and more specifically noise reduction
(sound attenuation) 1s provided by the formula P _/P_=A =
(Z_+7.)/7. ., 1 which P 1s the sound pressure at the entrance
of the ear canal, P 1s the sound pressure in the ambient air, A _
1s the sound attenuation, Z_ 1s the acoustic impedance at the
entrance of the ear canal and Z_1s acoustic impedance of the
seal provided by the semi insert through which sound must
penetrate 1nto the ear canal. If Z_1s much larger than 7 _, as 1t
should be in effective devices, the above formula can be
approximated as A =7/7_, showing that the sound (noise)
attenuation 1s directly proportional to the acoustic impedance
of the seal and 1nversely proportional to the acoustic imped-
ance at the entrance of the ear canal. In the herein described
muitler tubes 204, 208, the noise attenuation is increased by
placing a relatively small acoustic impedance 7., 1n parallel
with the impedance of the ear canal, Z_. When 7 1s sulli-
ciently small, the sound attenuation approaches A__=7/7. .

The tubular section 122 and the connecting tube 126 are
cach hollow and combine to define an acoustic chamber of the
muliller tube 104, 108, this chamber having an overall length
that produces quarter wave resonance over a small range of
audible frequencies. According to this exemplary embodi-
ment, the length of the hollow tube extension 126 1s about 9
mm, the diameter of the connecting tube 130 1s about 13 mm,
the thickness of the connecting tube 130 1s about 1.3 mm and
the length of the tubular section 122 1s about 136 mm 1n which
the overall length of each muftiler tube 104, 108 mcludmg the
tubular portion 122 and hollow tube extension 126, 1s about
145 mm. It will be understood that these components can
assume other suitable dimensions wherein the specifically
noted dimensions are merely exemplary.

As previously discussed, each of the mutfler tubes 104, 108
can be manufactured from a hard durable plastic, such as ABS
(acrylonitrile butadiene styrene), wherein each of the compo-
nents ol the herein described device 100 can be produced
using a molding process for ease ol manufacture. It will be
readily apparent, however, that other suitable structural mate-
rials could alternatively be utilized.

In addition and referring to FIGS. 6-8, at least one damping,
teature can be provided within the elongate tubular section
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122 of the ear muitler. Two separate exemplary embodiments
are depicted herein for purposes of a single semi-insert device
200. It will be readily understood, however, that this discus-
sion based on the single device 1s for better effecting the
description of features.

First and referring to FI1G. 6, the device 200 1s similar to that
previously described herein. Similar parts are herein labeled
with the same reference numerals for the sake of clarity. More
specifically, the passive semi-insert device 200 includes a pair
of muitler tubes 104, 108 that are interconnected by means of
a springy elastic band 112 that 1s configured to engage the
head of the wearer, the elasticity of the band 112 being sui-
ficient to provide a retaining force that must be overcome 1n
order to remove the device 100. The band 112 1s preferably
adjustable to accommodate the head of the wearer. As shown
herein, the muiftler tubes 104, 108 are each defined by a shape
that more closely conforms with the head of a wearer (not
shown). According to this embodiment, each muiller tube
104, 108 1s preferably manufactured from a lightweight
durable plastic material and defined by a closed end 114.
Alternatively, each muftiler tube 104, 108 including the closed
end 114 could include a separate cap or other closure means

(not shown). Each mufttler tube 104, 108 turther 1s defined by

an open end 117 and a hollow 1nterior.

More specifically, each muitler tube 104, 108 of this device
200 also 1includes an elongate tubular portion 122 and a trans-
verse hollow tube extension 126, the latter extending to a
connecting tube 130A, FIG. 5, having a smaller diameter than
that of the hollow tube extension 126 which terminates at the
open end 117 and having a retaining ring 146, FI1G. 5. The
connecting tube 130A 1s s1zed to be fitted within the outer ear
of the wearer and includes a sealing member 138 that overlays
the exterior of the short connecting tube 126 and more spe-
cifically the retaiming ring 146. Preferably, the sealing mem-
ber 138 1s made from a visco-elastic material 1n order to
provide a comiortable interface between the device 100 and
the wearer and also to provide a suitable seal with the ear
canal.

As 1n the preceding and according to this exemplary
embodiment, the sealing member 138 1s defined by a circular
hollow cross section 1n which a distal end surface 139 of the
sealing member 138 is substantially flush with the open end
117 of the mufller tube 104 when attached; that 1s, the distal
end surface 139 of the sealing member 138 1s coplanar with a
distal end of the connecting tube 130.

Referring to FIGS. 6 and 7 and according to an exemplary
embodiment, the hollow 1nterior of at least one of the muttler
tubes 104 can be configured with a damping feature defined
by at least one tightly packed bundle of wires 160. The wire
bundle 160 i1s configured to extend 1n a direction that 1s
parallel or coaxial to the major (length) dimension of the
tubular section 122. The properties (diameter, thickness) of
the wires can be suitably adjusted, as well as the relative
spacing between the wires 1n the bundle 160 to control damp-
ing. According to one embodiment, a single bundle of wires
160 can be provided in each tubular section 122. Alterna-
tively, a plurality of tightly packed wire bundles 160 can be
positioned 1n various axial portions of each mufitler tube 104,
108, 1n which each bundle 160 substantially fills the cross-
section thereof.

Referring to FIGS. 6 and 8, and in lieu of the wire bundle
(s), a thin rnigid plate 170 can be transversely disposed within
the interior of the hollow tubular section 122, the plate 170
having a single slit 174 formed preferably at the center
thereol, enabling use as an acoustic resistor. According to this
exemplary embodiment, the thickness of the thin rigid and
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transversely disposed plate 170 1s about 0.0021 inches and the
slit 174 1s approximately 0.0005 inches in width.

According to at least one embodiment, a plurality of thin
rigid slitted plates (not shown) can be provided, each slitted
plate 170 being appropnately spaced from each other within
the tubular section 122 1n order to define adjacent chambers
within the semi-insert device 200 that are configured to con-
trol damping.

According to yet another embodiment, a quantity of sound-
absorbing maternial, which can include cotton, nylon or other
synthetic fibers 1s wholly disposed within the volume of the
muliller tube and over an axial portion(s) thereof.

At least one or combinations of the above described damp-
ing features can be provided in order to achieve a suitable
damping effect. Other similar features could be substituted.

In addition, an earphone or a microphone can be included
with the herein described device. In one exemplary version as
shown 1n FIG. 9, a microphone can be directly connected to
one of the elongate sections 122 via a support 308 which
retains an adjustable arm 312 through an attachment structure
314 and i which the microphone 316 1s disposed at an
extending (unsupported) end of the adjustable arm 312. In
another version, an earphone or microphone can be wirelessly
connected to the device, such as using a transmitter and
antenna disposed within the device through an IR, RF or other
suitable connection.

PARTS LIST FOR FIGS. 1-9

10 ear muitler
12 hollow cylindrical mufiiler tube
14 cap
16 extension
18 connecting tube
20 sealing culf
22 sound absorbing material
24 head band
26 holder
28 opening,
100 device, passive semi-insert
104 muitler tube
108 muitler tube
112 band, elastic
114 closed end
117 open end
122 elongate tubular section
126 hollow tube extension
130 connecting tube
130 A connecting tube
134 distal surface, connecting tube
138 sealing member
139 distal end surface, sealing member
146 exterior retaining ring,
151 circumierential ridge
160 wire bundle
170 plate, thin rigid
174 slit
200 device, passive semi-insert
300 device, passive semi-insert
308 support
312 adjustable arm
314 attachment structure
316 microphone
It will be readily apparent from the preceding discussion
that other modifications and variations are possible based on
the concepts discussed herein, and 1n accordance with the
tollowing claims.
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The mvention claimed 1s:

1. A passive semi-insert device that engages against the ear
canal, for reducing the effect of ambient noise, the semi-1nsert
device comprising;:

at least one mutiler tube having a closed end and an oppo-

site open end, the at least one muiltler tube being config-

ured to be secured to the head of a subject and compris-
ng:

an elongate hollow tubular section including the closed
end;

a transverse hollow tube extension at the open end which
1s configured to engage against the ear canal of the
subject, the at least one mufttler tube being defined by
a length that provides quarter wave resonance in low
audible sound frequencies; and

a sealing member disposed onto an exterior surface of the

transverse hollow tube extension, the sealing member

having a distal end surface that 1s substantially flush with
the open end of the mufiller tube 1n order to create a seal
against the ear canal and in which the sealing member 1s
held against the ear canal using a head band that provides

a compressive force.

2. The device as recited 1n claim 1, further comprising at
least one damping feature for broadening and reducing the
acoustic resonance of the device.

3. The device as recited in claim 2, wherein the at least one
damping feature comprises a quantity of sound-absorbing
material filling the interior of at least an axial portion of the
interior of the mufiiler tube.

4. The device as recited 1in claim 2, wherein the at least one
damping feature comprises at least one thin rigid plate dis-
posed in the muiftler tube, the atleast one thin rigid plate being,
transversely disposed 1n relation to a primary axis of the
tubular portion and sized to engage an mnner diameter of the
tubular portion, the at least one thin rngid plate having a
narrow slit configured to act as an acoustic resistor.

5. The device as recited 1n claim 4, including at least two of
the thin rigid plates separately and axially disposed within the
muliller tube, each of the thin ngid plates having narrow slits
defined therein and 1 which the thin rigid plates divide the
muliller tube 1nto adjacent chambers.

6. The device as recited 1n claim 2, wherein the at least one
damping feature comprises at least one tightly packed wire
bundle disposed 1n at least a portion of the mufitler tube, the at
least one wire bundle extending 1n a direction that 1s coaxial
with a major dimension of the elongate tubular section, the at
least one wire bundle having an outer diameter that engages
an mner diameter of the tubular section.

7. The device as recited 1n claim 6, wherein at least two of
the wire bundles are disposed 1n separate axial sections of the
mulitler tube.

8. The device as recited 1n claim 1, wherein the sealing
member 1s at least partially made from a visco-elastic mate-
rial.

9. The device as recited 1n claim 1, wherein the transverse
hollow tube extension comprises at least one retaining ring
disposed on an exterior surface of the hollow tube extension
and 1n which the sealing member 1s attached upon the at least
one retaining ring.

10. The device as recited 1n claim 1, wherein at least a
portion of the hollow tube extension includes a tapered sur-
face configured to retain the sealing member.

11. The device as recited 1n claim 1, wherein at least a
portion of the transverse hollow tube extension 1s defined by
a substantially oval cross section.
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12. The device as recited in claim 1, wherein at least a
portion of the transverse hollow tube extension 1s defined by
a substantially circular cross section.

13. The device as recited 1n claim 1, wherein the transverse
hollow tube extension is defined by a first portion having a
first diameter and an adjacent second portion having a second
diameter which 1s smaller than the first diameter and wherein
the sealing member 1s retained on the second portion.

14. The device as recited 1n claim 1, in which the muftler
tube 1s formed with a transverse end portion having the same
diameter as the remainder of the tubular section, wherein the
transverse hollow tube extension extends from the transverse
end portion and 1s defined by a diameter that 1s smaller than
the diameter of the tubular section.

15. The device as recited 1in claim 1, comprising two mui-
fler tubes connected by an elastic band to permit securement
of the device to the head of a subject.

16. The device as recited 1n claim 1, further comprising a
microphone.

17. The device as recited 1n claim 16, wherein the micro-
phone 1s wireless.

18. The device as recited 1n claim 1, further comprising an
carphone.

19. The device as recited in claim 1, wherein the hollow
transverse tube extension includes a tapered surface config-
ured to provide an interference {it with the sealing member.

20. A method for manufacturing a semi-insert passive
noise reducing device, the method comprising:

providing at least one muililer tube defined by a closed end

and an opposing open end, the at least one mutfler tube
further comprising an elongate hollow tubular section
and a transverse hollow tube; and

attaching a sealing member over the exterior of the trans-

verse hollow tube such that an extending end surface of
the sealing member 1s substantially flush with the open
end of the mufller tube, wherein the distal end of the
transverse hollow tube and end surface of the sealing
member engage against the ear canal of a subject in order
to provide an effective acoustic seal, the seal being main-
tained using a head band in order to provide a compres-
stve force to maintain the acoustic seal.

21. The method as recited 1n claim 20, further providing at
least one damping feature 1n the at least one mulifler tube.

22. The method as recited 1n claim 21, wherein the at least
one damping feature comprises a quantity of sound absorbing
material disposed within a portion of the muitler tube.

23. The method as recited 1in claim 21, wherein the at least
one damping feature comprises at least one thin rigid plate
disposed within the muiltler tube, the at least one thin rigid
plate having an outer diameter sized to engage an inner diam-
eter of the tubular section and having a single slit to act as an
acoustic resistor.

24. The method as recited 1n claim 23, further comprising,
disposing at least two of the thin ngid plates 1in separate axial
sections of the muiller tube, each of the thin ngid plates
having single narrow slits defined therein.

25. The method as recited 1n claim 21, wherein the at least
one damping feature comprises at least one tightly packed
bundle of wires disposed within at least an axial portion of the
muliller tube, the at least tightly packed bundle having an outer
diameter that 1s sized to engage an inner diameter of the
muliller tube, the at least one wire bundle being disposed 1n a
direction coaxial with a major dimension of the muitler tube
and forming interstices between the disposed wires of the at
least one bundle that create acoustic resistance.

e
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26. The method as recited in claim 25, wherein the method
turther comprises disposing at least two tightly packed wire
bundles in separate axial sections of the muiller tube.

27. The method as recited 1n claim 25, wherein the sealing,
member 1s attached onto at least one retaining ring formed on 3
an exterior surface of the transverse hollow tube.

28. The method as recited in claim 20, wherein the method
turther comprises defining at least a portion of the hollow
connecting tube by a substantially oval cross section.

29. The method as recited 1n claim 20, wherein the hollow 10
section comprises a first portion and an axially adjacent sec-
ond portion wherein the sealing ring 1s formed on the exterior
ol the second portion.

30. The method as recited in claim 20, wherein a portion of
cach muiller tube 1s transverse and 1s defined by the same 15
diameter as the remainder of the muitler tube and the trans-
verse hollow tube extends axially from the transverse portion
and 1s defined by a smaller diameter.

G e x Gx ex
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